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A diponectin regulates insulin sensitivity (1) , reduces the expression of endothelial adhesion molecules (2), and has anti-inflammatory effects (3). Decreased adiponectin levels accompany obesity (4) and type 2 diabetes (5), promoting insulin resistance (5) and cardiovascular disease (6,7). Data on postprandial adiponectin regulation in different populations are controversial, with studies showing no effect (8 -11) , increases (12, 13) , or decreases (14, 15) . Advanced glycation end products (AGEs) (16) play a major role in the development of diabetes complications (17) . We have shown that dietary AGEs acutely impair endothelial function (18, 19) , an effect counteracted by benfotiamine (20) , a transketolase activator that blocks several hyperglycemiainduced pathways, including the formation of AGEs (21) . AGEs might interact with adipocytes through AGE receptors (22) and induce cellular dysfunction via generation of reactive oxygen species (23), a pathway probably responsible for the AGE-induced downregulation of leptin secretion in vitro (24) .
Our study aimed at investigating the effects of a high heat-processed meal with high AGE content (HAGE) and a low heat-processed meal with low AGE content (LAGE) on postprandial adiponectin concentration. We postulated a protective effect of benfotiamine.
RESEARCH DESIGN AND
METHODS -Nineteen inpatients with type 2 diabetes (mean Ϯ SEM age 55.2 Ϯ 1.9 years; diabetes duration 7.3 Ϯ 1.2 years; BMI 29.2 Ϯ 0.8 kg/m 2 ; A1C 8.8 Ϯ 0.4%; 13 male and 6 female; 4 smokers and 15 nonsmokers; 15 on oral diabetes medication alone, 2 on oral diabetes medication plus insulin, and 2 on insulin alone; 13 on angiotensin receptor blockers, 7 on hydroxymethylglutarylCoA reductase inhibitors; 6 on ␤-blockers; 6 on diuretics; 2 on calcium channel blockers; and 15 on aspirin) without cardiovascular history were investigated after approval of the institutional review board and obtainment of individual written consent.
Patients on a standard diabetes diet for the 9-day study period were studied on three occasions, following an overnight fast. Medication was withdrawn 12 h before every investigation and kept constant throughout the study. On days 4 and 6, the effects of HAGE and LAGE on postprandial adiponectin levels were studied in an investigator-blinded, randomized, crossover design (n ϭ 10 began with HAGE and n ϭ 9 with LAGE).
Sixteen patients received benfotiamine (Milgamma, Woerwag, Germany) orally on days 7, 8 (350 mg three times a day), and 9 (1,050 mg 1 h before the repeated intake of the HAGE: HAGE plus benfotiamine).
Analyses were performed fasting (at 7:00 A.M.) as well as at 2, 4, and 6 h postprandially.
The two meals were isocaloric (580 kcal), had identical ingredients, and differed only by the temperature and time of cooking (HAGE: frying/broiling at 230°C for 20 min; LAGE: steaming/boiling at 100°C for 10 min) (18) . The calculated AGE content was as follows: HAGE, 15,100 kU; LAGE, 2,750 kU (25) .
Blood samples were analyzed for serum glucose, cholesterol, triglycerides, LDL and HDL cholesterol (Architect ci8200 analyzer; Abbott Diagnostics, Wiesbaden, Germany), thiobarbituric acid reactive substances (TBARS) (Alexis Biochemicals, Gruenberg, Switzerland), serum adiponectin (R&D Systems, Wiesbaden, Germany), insulin (DPC Biermann, Bad Nauheim, Germany), and serum methylglyoxal derivatives (enzyme-linked immunosorbent assay with monoclonal anti-methylglyoxal-BSA antibody [methylglyoxal3D11; Dr. Y. AlAbed, Picower Institute, Cambridge, MA]) (26) .
Postprandial changes were assessed by two-way ANOVA for repeated measurements followed by a two-tailed paired t test with Bonferroni's correction for multiple testing. We measured the area under the curve and the area under the curve change (area under the curve of values minus baseline). Data are means Ϯ SEM unless otherwise indicated. The level of significance was P ϭ 0.05. (Fig. 1A) . The area under the curve change was Ϫ2041 Ϯ 753 (HAGE), 33 Ϯ 1,070 (LAGE), and 840 Ϯ 824 (HAGE plus benfotiamine) ng/ml ϫ h.
RESULTS -Plasma adiponectin decreased significantly only 2 h after HAGE
Fasting glucose was comparable be-
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The HAGE induced an increase in TBARS at 2 h, an effect significantly reduced after LAGE and by benfotiamine (Fig. 1C) . The HAGE-induced increase in methylglyoxal at 4 h was prevented by benfotiamine (Fig. 1D) . There was no difference between days in fasting and postprandial values of the following parameters: plasma insulin; triglycerides; and total, LDL, and HDL cholesterol (data not shown).
CONCLUSIONS -The main findings of our study are that a real-life, AGEr i c h , h i g h h e a t -p r o c e s s e d m e a l transiently decreases postprandial adiponectin levels in individuals with poorly controlled type 2 diabetes, an effect prevented both by changing the cooking method and by pretreatment with benfotiamine. Adiponectin decreased significantly only 2 h following the HAGE and not after LAGE. Because both meals had identical ingredients and differed only by the cooking method, we suggest that postprandial adiponectin regulation is influenced not only by food composition (15) but also by cooking method.
Adipocyte dysfunction occurs under conditions of oxidative stress (27) and increased AGE concentration (24) , resulting in decreased adipokine secretion (24) . After HAGE, we found a significant increase in oxidative stress and AGEs and suggest that these pathomechanisms are responsible for the adiponectin decrease. Moreover, we found a significant correlation between changes in TBARS and adiponectin at 2 h following HAGE (r ϭ Ϫ0.530; P Ͻ 0.05).
Three-day benfotiamine therapy reduced fasting TBARS and postprandial methylglyoxal and TBARS, paralleled by a reversal of postprandial adiponectin decrease. We have previously shown that benfotiamine prevents postprandial increase in oxidative stress, AGEs (20) , and endothelial dysfunction. We suggest that similar mechanisms reduce postprandial adipocyte stress, thus preventing adiponectin decrease.
Adiponectin closely mirrors insulin sensitivity. Its postprandial decrease might induce transient impairment of insulin sensitivity, thus worsening postprandial hyperglycemia. Benfotiamine pretreatment significantly reduced postprandial hyperglycemia, despite similar postprandial insulin levels. This suggests improved postprandial insulin sensitivity, a finding in line with the preserved adiponectin levels. Metabolic effects of thiamine have previously been postulated in certain populations (28) but questioned in others (29) . We suggest that in type 2 diabetes, benfotiamine exerts metabolic effects by reducing oxidative stress and AGEs, thus lowering adipocyte stress and preserving adiponectin levels.
Limitations of the study
We cannot exclude that thermal-induced inactivation of vitamins and antioxidants (30) or generation of other toxic compounds (31) potentiated the effects of oxidative stress and AGEs. Still, the main messages of our study, that cooking method and benfotiamine preserve postprandial adiponectin regulation, remain unaltered.
